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Summary* In a controlled study, ten male volunteers were 
subjected to different smoking and (passive smoking con¬ 
ditions. After 60 h of strictly controlled nonsmoking, five 
smokers were exposed to mainstream smoke only, while 
five nonsmokers were exposed to the gas phase of en¬ 
vironmental tobacco smoke (ETS). In a second experi¬ 
ment smokers were mainstream and ETS exposed, while 
nonsmokers were exposed to complete ETS. Blood was 
drawn before and after smoking and DNA adducts were 
analysed from blood monocytes by the 32 P-postlabeIling 
assay, using the nuclease PI enhancement method. We 
detected ETNA adducts in monocytes of all probands. 
These adducts unrelated I to smoking showed interindivi¬ 
dual differences but only minor intraindividual changes 
ini four samples of the same donor. After smoking in- 
terindividuallV variable additional adducts were visible 
in active smokers only. These smoking-related addiicts 
^ disappeared after 40 h of nonsmoking and reappeared I 
a., n in three out'of five smokers after the second smok¬ 
ing periods We conclude that smoking causes an interin- 
dividuallv variable pattern of DNA adducts in active 
smokers* These adducts disappear in less than 2dl owing 
to the fast turnover of monocytes in the intravascular 
system. The effects described could not be observed'in 
heavily exposed passive smokers* 

Key words: Postlabelling assay — Smoking - Passive 
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Introduction 

Although a series of suspected: carcinogenic substances 
have been found in cigarette smoke, there is still no defi- 
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nite answer as to which specific compounds are responsi¬ 
ble for the increased risk of smokers in acquiring lung 
cancer [6]. In addition, there is a growing need to evalu¬ 
ate a possible carcinogenic risk in passive smokers, sug¬ 
gested by several epidemiological studies, although the 
extent of the effect remains to be investigated [16], Since: 
the covalent' binding of xenobiotics or their metabolites 
to DNA is an important indicator for genotoxic stress 
[15], we studied the formation of DNA adducts in mono¬ 
cytes of smokers and (passive smokers. The ^P-postlabel- 
ling assay, being one of the most sensitive methods, seems; 
to be especially suited for analysing the formation of 
DNA adducts resulting from the exposure to complex 
mixtures of unknown composition [17]. After pretreat¬ 
ment with nuclease PI the nucleotides carrying a cova^ 
lently bound adduct are selectively labelled with 3: P- 
phosphate. This allows the detection of PAH or bulky 
adducts with a sensitivity of a few molecules per genome 
[|5]1 Though several studies using the ^ 2 P-postlabelling 
assay have shown a higher level of adducts in several tis¬ 
sues of smokers as compared to controls [12. 14], this has 
not yet been possible with human white blood cells [10* 
11]. Here we used isolated monocytes, because these 
cells are metabolicallv active without pretreatment [1] 
and are therefore expected to reflect the formation of 
DNA adducts in vivo. 


Materials and methods 

Design of the study. Ten male healthy volunteers, five smokers 
(age 19-28) and five nonsmokers (age 23-29) refrained from smok¬ 
ing 60!h before the firsr blood sample was drawn. During the 6d of 
the study the probands received a standardized diet, equal in 
amount and quality. Two different exposure conditions were ap¬ 
plied: The third day smokers were exposed to mainstream smoke 
only and the fifth day to mainstream smoke and ETS: nonsmokers 
were exposed to the gas phase of ETS for Sh on the third day and 
to complete ETS for8h on the fifth day . In the first experiment the 
five smokers:had to smoke a total of 24 cigarettes fl cig./20min) 
andexhaled the smoke through an oneway-valve into the exposure 
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Fig. 2. Autoradiographs of PEI- 
cellulose til.c. maps of : 5 : P- labelled 
digest ©! DNA from penpheral 
blood monocytes of a smoker 
(iproband 4) Samples taken before 
and after the first (A. B) and the 
second!(C. D) smoking period. 
Smoking related adducts are only 
visible after smoking (R;1L R2) 
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were lysed for 1 h i at 37; C by an aqueous solution of sodium 
dodecyl sulfate (SDS; ZQmg/mK Merck..Darmstadt. FRGT pro¬ 
teinase K {0:5 mg/ml.Merck) 0.05 .V/ sodium phosphate and 0:05 Af 
potassium phosphate. Subsequently the filters were washed with a 
0.02 .V/■ NayEDTA solution, treated for 15 min with; RNAse: A- 
(0.15 mg/ml. Boehmnger Mannheim), and the remaining DN A was 
washed with a solutioni of 5 m l/ sodium phosphate and 5m.Vf 
potassium phosphate. Then the filters were out into small pieces 
and I DN A was dissolved in 2 ml FFO by a short ultrasonic treat- 
menti The amount of DNA was determined after incubation of an 
aliquot of the solution with diaminobenzoic acid and subsequent 
fluorescence spectrometry with ,an excitation wavelength of'408nm 
and emission wavelength of 500nm [2]. Galfithymus DNA (iBoeht 
ringer. Mannheim. FRG) was used as a standard. 

P-posildbelling. DNA samples (2 to 8|tg DNA) were evaporated 
to dfyness and digested overnight at 37 9 C in a total volume of 4.8ipl 
containing 0l25 Ui micrococcal nuclease (Sigma N%3758. Deisen- 
hofen. FRG)i O-4mU spleen phosphodiesterase (Boehnnger. Mann¬ 
heim,, FRO). 17 mM sodium succinate and;8lmMCaCl. The digest 
was then treated,with 4.8 ullot an aqueous solution of nuclease PI 
(1 U. Sigma N-S630). sodium acetate (:0.12.Vf)iand 2nG : i0.09m.Vf). 
The samples were incubated! at 37*C for 1 .hi and! the reaction was 
terminated by adding an aqueous solution (1.9pi) of 0.5 M Tns 
base [IX)- The DNA samples (!>pi) were then 32 P-labelled withiSjill 
of a solution prepared by mixing 25 pl [Qamma-^JATP (250 pCi. 
>iOOGCi/mmol. Amer&Ham International). 7.5 pi T4 polynucleo¬ 
tide kinase: 3"phosphatase free (67.5 U. Boehringer. Mannheim. 
FRGK l3Apl H : O and 25ul of buffer (200 m.W Bioine. lOOm.Vf 
MgCl:- l(3!3m.V/dithiothreitoL 10m.V/spermidine). After an incu- 
bafion for 30mm at 37 C C. potatoe apyrase <60 mU. Sigma A-6132V 
was added toterminaiethe reactioni The labelledhucibotides were 
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resolved.b> --dimensional chromatography on PETcellulose . t.Lc.. 
sheets . M.^nerev-Nagell Duren. FRG;. The plates were first de¬ 
veloped.with i A/ sodium phosphate. pH o.Oi to washipolar adduct- 
tree nucieo:;des on to a paper wick. The paper wick .was removed 
and the: piates were: developed again! in 5.5M 'lithium formate. 
S.5 \f urea. pH 3.5, and after turning the piates ^r imOJSiiV/,lithium 
chloride. 0.5 V/ Tris-HCl and! 8.5 .V/ urea. pH S O. Subsequently 
the plates were developed in l.7.W sodium phosphate on to a 
paper wick again to lower the background activity-on the plates. 
The adducts were detected by screen intensified autoradiography 
for 72 h at -80°C (Xomat 5, Kodak, Rochester, NY, USA), 

Results 

Tobacco smoke exposure of the subjects is clearly re¬ 
flected in significant increases in carboxyhemoglbbin 
(COHb) after the 8-h exposure sessions. On Day 3 of the 
study. COHb increased by 7.1% in the active smokers 
and by 2.2% in the passive smokers. The corresponding 
increases for Day 5 were 7.7 and 2.6%. 

The cells of all probands showed various DNA adducts 
which exhibited imerindividtial differences in amount 
and chromatographic behavior but were unrelated to 
smoking (sample A). After the first 8-h period of smok¬ 
ing additional DNA adducts appeared in samples of all 
smokers (sample B) Thesesmoking related adducts var- 
ned individually (Fig. 1). In monocytes from sample C. 
(i.e. after a 40-h nonsmoking period), these additional 
adducts had disappeared,, while the nonsmoking related 
adducts remained. After the second 8-h smoking expert 
ment the additionaliadducts were detected again in san> 
pies of three smokers (Fig. 2). Nonsmokers exposed to 
ETS (passive smokers): did not show any additional ad^ 
ducts. There was no difference between samples taken 
after exposure to the gasphase only (sample B) and taken 
after exposure to total ETS (sample D). 


Discussion 

Smoking caused DNA adducts in peripheral blood mono¬ 
cytes of active smokers. Passive smoking did'not lead to 
similar adducts, Since the samples were analysed using 
the nuclease:PI enhancement method it can not be con¬ 
cluded that passive smoking did not cause any DN A ad¬ 
ducts at: all. Nuclease PI also dephosphonlates nucleo¬ 
tides canning smaller and rather polar adducts, which 
for instance may arise due to tobacco specific nitrosa- 
mines. Therefore by the method used here, predomin¬ 
antly PAH derived or other bulky adducts are likely to 
be detected. Smoking-related DNA addticts in mono¬ 
cytes had already disappeared after a 40-h nonsmoking 
period. This is probably due to the relative short lifespan 
of blood monocytes (t^ = 8 h) [7] in the intravascular sys¬ 
tem and might explain why other authors [10, 111] were 
not able to detect differences between smokers and non- 
smokers on peripheral blood leucocytes. Studies on lung 
tissue [12] and mouse skin [13] have shown a rather long 
half life of bulky DNA adducts, so that is unlikely to at¬ 
tribute the observed rapid disapearence of smoking-re¬ 
lated adducts to a fast: reacting repair mechanism in 
hum an i monocues. 


All samples exhibited adducts not related to smoking 
Caddlacts 4-7). Similar adducts were not observed in fi¬ 
broblast DNA. probably because these cells are culti¬ 
vated under standardized conditions;, and because pre¬ 
existing; adducts were diluted by multiple:cell prolifera¬ 
tion. Monocytes seem to mirror the actual amount of 
genotoxic stress and showed DNA adducts level I in al¬ 
most all samples analysed in our laboratory. The adducts 
1, 2 and 3 (Fig. 1). however, which were found in almost 
all samples analysed in this study could also be found in 
fibroblast DNA, while calf thymus DNA never showed 
these spots. Therefore we assume that culture conditions 
may have caused these adducts. In addition^ since their 
provenance remains finally unexplained, we do not make 
any attempt here to speculate about variable intensities 
of these spots. Other adducts in monocytes unrelated to 
smoking, however, must be either rather fast developing 
adducts since monocytes display a fast turnover in blood, 
or may represent pre-existing adduct levels in monocyte 
stemcells. Both, smoking-related adducts and unrelated 
adducts exhibited intraindividual variations. This could 
be explained by genetically determined differences in 
the amounts of various enzymes being responsible for 
metabolic activation or detoxification of exogenous and 
endogenous substances in the cell [3, 4, 8, 9]. 
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